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Abstract 
Problem 

The objective of this invention is to provide an image read device, method, and storing 
medium characterized by the fact that by reading each region, steps of the signal level are 
eliminated, and unnaturalness of the image can be eliminated. 
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Constitution 

Pixel data of the connection position (P-VCK) are fetched and divided into plural blocks 
B by means of the signal level of output pixel signal ODD-2; in each said block, average value 
AV-ODD-1 of ODD- 1 values of the data inside region AS and average value AV-ODD-2 of 
ODD-2 values are calculated; and the points defined by said two average values AV-ODD-1, 2 
are taken as representative points (ratio of the two average values). By means of an interpolation 
calculation from the obtained representative points, a curve indicating the relationship between 
output pixel signals ODD-1, 2 over the entire signal level region is obtained. Based on said 
curve, the content of lookup table LUT-3 is determined and is set in connection correcting circuit 
(513). For the actual output pixel signal ODD-2 (input), level adjustment is performed based on 
table LUT-3, and the level is made to almost agree with the signal level of output pixel signal 
ODD-1. 
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5605 Interpolation arithmetic treatment 

5606 Setting of table 

Claims 

1 . A type of image read device characterized by the fact that an image read device that 
uses a linear image sensor to read images has the following means: 

a read means, which divides the region of the light receiving pixel row of said linear 
image sensor into a reference region and at least one other region, and which reads the output 
pixel signals of the two regions in these regions, respectively; 

and an adjusting means that adjusts the signal level of the output pixel signal of said other 
region to be nearly in agreement with the signal level of the output pixel signal of said reference 
region based on the output pixel signals of said two regions read with said read means. 

2. The image read device described in Claim 1 characterized by the fact that said 
adjusting means compares the output pixel signals of said reference region and said other region 
in the vicinity of a boundary position, and adjusts the signal level of the output pixel signal of 
said other region based on the result of said comparison. 

3. The image read device described in Claim 2 characterized by the fact that said 
adjusting means has the following means: an estimating means that estimates the relationship 
between the signal level of said reference region and the signal level of said other region based 
on the ratio of signal levels of the output pixel signals of said reference region and said other 
region in the vicinity of the boundary position; 

and a correcting means that corrects the output pixel signal of said other region based on 
the result of estimation with said estimating means. 

4. The image read device described in Claim 3 characterized by the fact that said 
estimating means calculates said signal level ratio of the output pixel signals in said reference 
region and said other region for each of plural level regions divided according to signal level of 
the output pixel signals of said other region in the vicinity of the boundary positions with said 
reference region. 

5. The image read device described in Claim 4 characterized by the fact that when plural 
output pixel signals of said other region exist in the same level region in the vicinity of the 
boundary position with said reference region, said estimating means calculates the average value 
of the output pixel signals of said other region in the same level region, and calculates said signal 
level ratio based on the calculated average value. 

6. The image read device described in Claim 4 or 5 characterized by the fact that when 
less than a prescribed number of output pixel signals of said other region exist in the same level 
region in the vicinity of the boundary position with said reference region, said estimating means 
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prohibits calculation of the average value of the output pixel signals of said other region in said 
same level region and of said ratio of signal levels. 

7. The image read device described in any of Claims 3-6 characterized by the fact that 
when the difference between two output pixel signals in the vicinity of the boundary position 
between said reference region and said other region is larger than a prescribed value, said 
estimating means excludes the two output pixel signals from those for calculating said signal 
level ratio. 

8. The image read device described in any of Claims 4-7 characterized by the fact that for 
a level region free of output pixel signals of said other region in the vicinity of the boundary 
position with said reference region, said estimating means determines said signal level ratio in 
said level region by means of an interpolation calculation. 

9. The image read device described in any of Claims 3-8 characterized by the fact that 
when output pixel signals of said other region in the vicinity of the boundary position with said 
reference region are newly obtained by reading the image of a new read object, said estimating 
means updates said signal level ratio in the level region corresponding to said output pixel 
signals based on the newly obtained output pixel signals. 

10. The image read device described in any of Claims 1-9 characterized by the fact that 
the gradation number of the image in the output pixel signals after adjustment of the signal level 
with said adjusting means is set at a value smaller than the gradation number of the image in the 
output pixel signals before adjustment of the signal level with said adjusting means. 

11. The image read device described in any of Claims 1-10 characterized by the fact that 
it has a shading correcting means that performs shading correction for the output pixel signal 
read with said read means, and adjustment with said adjusting means is performed for the output 
pixel signal after said shading correction with said shading correcting means. 

12. An image read method characterized by the fact that in an image read method for 
reading images with a linear image sensor, there are the following steps of operation: 

a read step in which the region of the light receiving pixel row of said linear image sensor 
is divided into a reference region and at least one other region, and the output pixel signals of the 
two regions are read in these regions, respectively; 

and an adjusting step in which the signal level of the output pixel signal of said other 
region is adjusted to be nearly in agreement with the signal level of the output pixel signal of said 
reference region based on the output pixel signals of said two regions read with said read means. 

13. The image read method described in Claim 12 characterized by the fact that the 
output pixel signals of said reference region and said other region in the vicinity of a boundary 
position are compared with each other, and the signal level of the output pixel signal of said 
other region is adjusted based on the result of said comparison. 
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14. The image read method described in Claim 13 characterized by the fact that said 
adjusting step has the following steps: an estimating step in which the relationship between the 
signal level of said reference region and the signal level of said other region is estimated based 
on the ratio of signal levels of the output pixel signals of said reference region and said other 
region in the vicinity of the boundary position; and a correcting step in which the output pixel 
signal of said other region is corrected based on the result of estimation with said estimating 
means. 

15. The image read method described in Claim 14 characterized by the fact that in said 
estimating step, said signal level ratio of the output pixel signals in said reference region and said 
other region is calculated for each of the plural level regions divided according to signal level of 
the output pixel signals of said other region in the vicinity of the boundary position with said 
reference region. 

16. The image read method described in Claim 15 characterized by the fact that when 
plural output pixel signals of said other region exist in the same level region in the vicinity of the 
boundary position with said reference region, in said estimating step, the average value of the 
output pixel signals of said other region in the same level region is calculated, and said signal 
level ratio is calculated based on the calculated average value. 

17. The image read method described in Claim 15 or 16 characterized by the fact that 
when less than a prescribed number of output pixel signals of said other region exist in the same 
level region in the vicinity of the boundary position with said reference region, in said estimating 
method, calculation of the average value of the output pixel signals of said other region in said 
same level region and of said ratio of signal levels is prohibited. 

18. The image read method described in any of Claims 14-17 characterized by the fact 
that when the difference between two output pixel signals in the vicinity of the boundary position 
between said reference region and said other region is larger than a prescribed value, in said 
estimating step, the two output pixel signals are excluded from those for calculating said signal 
level ratio. 

19. The image read method described in any of Claims 15-18 characterized by the fact 
that for a level region free of output pixel signals of said other region in the vicinity of the 
boundary position with said reference region, in said estimating step, said signal level ratio in 
said level region is determined by means of an interpolation calculation. 

20. The image read method described in any of Claims 14-19 characterized by the fact 
that when output pixel signals of said other region in the vicinity of the boundary position with 
said reference region are newly obtained by reading the image of a new read object, in said 
estimating step, said signal level ratio in the level region corresponding to said output pixel 
signals is updated based on the newly obtained output pixel signals. 
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21. The image read method described in any of Claims 12-20 characterized by the fact 
that the gradation number of an image in the output pixel signals after adjustment of the signal 
level in said adjustment step is set at a value smaller than the gradation number of the image in 
the output pixel signals before adjustment of the signal level with said adjusting means. 

22. The image read method described in any of Claims 12-21 characterized by the fact 
that it has a shading correcting step, in which shading correction is performed for the output 
pixel signal read with said read means, and adjustment with said adjusting means is performed 
for the output pixel signal after said shading correction with said shading correcting means. 

23. A type of storing medium characterized by the fact that in a storing medium that 
stores a program used in an image read method for reading images using a linear image sensor, 
the following codes are stored: 

the codes of a read step in which the region of the light receiving pixel row of said linear 
image sensor is divided into a reference region and at least one other region, and the output pixel 
signals of the two regions are read in said regions, respectively; 

and the codes of an adjustment step in which the signal level of the output pixel signal of 
said other region is adjusted to be nearly in agreement with the signal level of the output pixel 
signal of said reference region based on the output pixel signals of said two regions read with 
said read means. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

This invention pertains to a type of image read device for reading images vising a linear 
image sensor, as well as its method and storing medium. 

[0002] 
Prior art 

In the prior art, an image read device for reading images using a linear image sensor 

exists. 
[0003] 

Figure 12 is a diagram illustrating the constitution of the linear image sensor in a 
conventional image read device. 
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[0004] 

As shown in this figure, (101) represents a light receiving pixel row; (102) and (103) both 
are analog shift registers. (104) and (105) both are output amplifiers, and they convert the 
charges read from analog shift registers (102), (103) and output obtained voltage signals/The 
charges accumulated in the various pixels of light receiving pixel row (101) of the linear image 
sensor are divided into ODD (odd-number) pixels and EVEN (even-number) pixels, which are 
sequentially read with analog shift registers (102), (103), and are output as pixel signals (ODD, 
EVEN) from output amplifiers (104), (105), respectively. 

[0005] 

Also, as shown in Figure 1, when an original is read, original (202) carried on original 
table glass (platen glass) (201) is illuminated with illuminating lamp (203). The light reflected 
from the original is guided by first mirror (204), second mirror (205), and third mirror (206) to 
lens (207), and forms an image on the light receiving plane of linear image sensor (208). Also, 
by means of dummy glass (210), the plane of white plate (209) and the plane of original (202) 
are at the same optical distance as viewed from linear image sensor (208), and white plate (209) 
is read. Based on the read signal taken as a reference, shading correction treatment is carried out 
for the original image. 

[0006] 

In this way, when an original is read, as mirrors (204), (205), (206) are driven to move in 
secondary scanning direction S, image sensor (208) can 2-dimensionally read the image of 
original (202). Also, by dividing the charges accumulated in the various pixels of light receiving 
pixel row (101) into an ODD (odd-number) and EVEN (even-number), it is possible to increase 
the read speed by means of analog shift registers (102), (103), which have limit in the transfer 
speed. 

[0007] 

In recent years, efforts have been made to further increase the read speed. For the linear 
image sensor proposed as shown in Figure 2, four analog shift registers are used to divide and 
read ODD (odd-number) and EVEN (even-number), and to divide the light receiving pixel row 
into left/right for reading. 

[0008] 

That is, as shown in Figure 2, light receiving pixel row (301) of image sensor (208) is 
bisected left/right with a boundary at the center. Charges accumulated in the pixels of left-side 
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light receiving pixel row (3 OIL) (reference region) are divided into ODD pixels and EVEN 
pixels, and the charges of the ODD pixels and EVEN pixels are read from analog shift registers 
(302), (304), and pixel signals (ODD- 1, EVEN-1) are output from output amplifiers (306), (308). 
In the same way, charges accumulated in the various pixels of right-side light receiving pixel row 
(301R) (another region) are divided into ODD pixels and EVEN pixels, and these are read from 
analog shift registers (303), (305), and pixel signals (ODD-2, EVEN-2) are output from output 
amplifiers (307), (309). 

[0009] 

With this constitution, compared with an image read device that simply divides into ODD 
(odd-number) and EVEN (even-number) for reading, the read speed is doubled. 

[0010] 

Problems to be solved by the invention 

For the aforementioned conventional image read device having a linear image sensor 
with a structure, in which the light receiving pixel row is divided into left/right for reading in 
addition to a division reading scheme, 4 channels of output signals are generated. However, in 
the output signals of the various channels, there is a small difference in the linearity. 
Consequently, a step occurs in the read signal level with a boundary at the left/right division 
position, so that the displayed image is significantly affected, and the displayed image becomes 
unnatural. This is undesired. 

[0011] 

That is, for the device type that simply divides into ODD (odd-number) and EVEN 
(even-number) for reading, even when a difference takes place in the read signal level between 
ODD and EVEN, only a minute repeating pattern is added on the displayed image and it is 
insignificant. On the other hand, for the device type that also divides the light receiving pixel row 
into left/right for reading, even if there is a small step quantity in the read signal level with the 
left/right dividing position as the boundary, since the displayed image is divided into upper/lower 
portions with the step portion as the boundary, the boundary line becomes highly significant, and 
the displayed image becomes unnatural. 

[0012] 

The objective of this invention is to solve the aforementioned problems of the prior art by 
providing a type of image read device, which performs read for each region so as to eliminate a 
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[0017] 

The image read device described in Claim 5 pertains to the image read device described 
in Claim 4 characterized by the fact that when plural output pixel signals of said other region 
exist in the same level region in the vicinity of the boundary position with said reference region, 
said estimating means calculates the average value of the output pixel signals of said other region 
in the same level region, and calculates said signal level ratio based on the calculated average 
value. 

[0018] 

The image read device described in Claim 6 pertains to the image read device described 
in Claim 4 or 5 characterized by the fact that when less than a prescribed number of the output 
pixel signals of said other region exist in the same level region in the vicinity of the boundary 
position with said reference region, said estimating means prohibits calculation of the average 
value of the output pixel signals of said other region in said same level region and of said ratio of 
signal levels. 

[0019] 

The image read device described in Claim 7 pertains to the image read device described 
in any of Claims 3-6 characterized by the fact that when the difference between two output pixel 
signals in the vicinity of the boundary position between said reference region and said other 
region is larger than a prescribed value, said estimating means excludes the two output pixel 
signals from those for calculating said signal level ratio. 

[0020] 

The image read device described in Claim 8 pertains to the image read device described 
in any of Claims 4-7 characterized by the fact that for a level region free of output pixel signals 
of said other region in the vicinity of the boundary position with said reference region, said 
estimating means determines said signal level ratio in said level region by means of an 
interpolation calculation. 

[0021] 

The image read device described in Claim 9 pertains to the image read device described 
in any of Claims 3-8 characterized by the fact that when output pixel signals of said other region 
in the vicinity of the boundary position with said reference region are newly obtained by reading 
the image of a new read object, said estimating means updates said signal level ratio in the level 
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region corresponding to said output pixel signals based on the newly obtained output pixel 
signals. 

[0022] 

The image read device described in Claim 10 pertains to the image read device described 
in any of Claims 1-9 characterized by the fact that the gradation number of the image in the 
output pixel signals after adjustment of the signal level with said adjusting means is set at a value 
smaller than the, gradation number of the image in the output pixel signals before adjustment of 
the signal level with said adjusting means. 

[0023] 

The image read device described in Claim 1 1 pertains to the image read device described 
in any of Claims 1-10 characterized by the fact that it has a shading correcting means that 
performs shading correction for the output pixel signal read with said read means, and 
adjustment with said adjusting means is performed for the output pixel signal after said shading 
correction with said shading correcting means. 

[0024] 

This invention also provides an image read method described in Claim 12 and 
characterized by the fact that in an image read method for reading images with a linear image 
sensor, there are the following steps of operation: a read step in which the region of the light 
receiving pixel row of said linear image sensor is divided into a reference region and at least one 
other region, and the output pixel signals of the two regions are read in these regions, 
respectively; and an adjusting step in which the signal level of the output pixel signal of said 
other region is adjusted to be nearly in agreement with the signal level of the output pixel signal 
of said reference region based on the output pixel signals of said two regions read with said read 
means. 

[0025] 

The image read method described in Claim 13 pertains to the image read method 
described in Claim 12 characterized by the fact that the output pixel signals of said reference 
region and said other region in the vicinity of the boundary position are compared with each 
other, and the signal level of the output pixel signal of said other region is adjusted based on the 
result of said comparison. 
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[0026] 

The image read method described in Claim 14 pertains to the image read method 
described in Claim 13 characterized by the fact that said adjusting step has the following steps: 
an estimating step in which the relationship between the signal level of said reference region and 
the signal level of said other region is estimated based on the ratio of signal levels of said 
reference region and said other region of the output pixel signals in the vicinity of a boundary 
position; and a correcting step in which the output pixel signal of said other region is corrected 
based on the result of estimation with said estimating means. 

[0027] 

The image read method described in Claim 15 pertains to the image read method 
described in Claim 14 characterized by the fact that in said estimating step, calculation of said 
signal level ratio of the output pixel signals in said reference region and said other region is 
calculated for each of plural level regions divided according to the signal level of the output pixel 
signals of said other region in the vicinity of the boundary position with said reference region. 

[0028] 

The image read method described in Claim 16 pertains to the image read method 
described in Claim 15 characterized by the fact that when plural output pixel signals of said other 
region exist in the same level region in the vicinity of the boundary position with said reference 
region, in said estimating step, the average value of the output pixel signals of said other region 
in the same level region is calculated, and said signal level ratio is calculated based on the 
calculated average value. 

[0029] 

The image read method described in Claim 17 pertains to the image read method 
described in Claim 15 or 16 characterized by the fact that when less than a prescribed number of 
output pixel signals of said other region exist in the same level region in the vicinity of the 
boundary position with said reference region, in said estimating method, calculation of the 
average value of the output pixel signals of said other region in said same level region and of 
said ratio of signal levels is prohibited. 

[0030] 

The image read method described in Claim 18 pertains to the image read method 
described in any of Claims 14-17 characterized by the fact that when the difference between two 
output pixel signals in the vicinity of the boundary position between said reference region and 
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said other region is larger than a prescribed value, in said estimating step, the two output pixel 
signals are excluded from those for calculating said signal level ratio. 

[0031] 

The image read method described in Claim 19 pertains to the image read method 
described in any of Claims 15-18 characterized by the fact that for a level region free of output 
pixel signals of said other region in the vicinity of the boundary position with said reference 
region, in said estimating step, said signal level ratio in said level region is determined by means 
of an interpolation calculation. 

[0032] 

The image read method described in Claim 20 pertains to the image read method 
described in any of Claims 14-19 characterized by the fact that when output pixel signals of said 
other region in the vicinity of the boundary position with said reference region are newly 
obtained by reading the image of a new read object, in said estimating step, said signal level ratio 
in the level region corresponding to said output pixel signals is updated based on the newly 
obtained output pixel signals. 

[0033] 

The image read method described in Claim 21 pertains to the image read method 
described in any of Claims 12-20 characterized by the fact that the gradation number of an image 
in the output pixel signals after adjustment of the signal level in said adjustment step is set at a 
value smaller than the gradation number of the image in the output pixel signals before 
adjustment of the signal level with said adjusting means. 

[0034] 

The image read method described in Claim 22 pertains to the image read method 
described in any of Claims 12-21 characterized by the fact that it has a shading correcting step, in 
which shading correction is performed for the output pixel signal read with said read means, and 
adjustment with said adjusting means is performed for the output pixel signal after said shading 
correction with said shading correcting means. 

[0035] 

The storing medium of this invention described in Claim 23 is characterized by the fact 
that in a storing medium that stores a program used in an image read method for reading images 
using a linear image sensor, the following codes are stored: the codes of a read step in which the 
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(502), (503), (504), respectively. The input output pixel signals are amplified with amplifiers 
(501), (502), (503), (504). AD converters (505), (506), (507), (508) convert analog signals to 
digital signals. Black offset correction treatment and shading correction treatment are performed 
as a black offset is subtracted by black offset + shading correcting circuits (509), (510), (511), 
(512). 

[0046] 

Connection correcting circuits (5 13), (514), (5 1 5) use lookup tables LUT-2, LUT-3, 
LUT-4 to be explained later to perform signal level conversion of the various signals of other 
output pixel signals EVEN-1, ODD-2, EVEN-2 with output pixel signal ODD-1 taken as a 
reference, and to realize connection correction (read level correction) of the left/right division 
reading. In addition to realization of connection correction, connection correcting circuits (513), 
(514), (515) also have the function of correcting read linearity. Here, connection correcting 
circuits (513), (514), (515) are set behind black offset + shading correcting circuits (510), (511), 
(512) in the treatment flow. Consequently, it is possible to realize constant read linearity without 
regard to the position of the principal scanning. 

[0047] 

Memory (516) temporarily stores the various output pixel signals output at the timing 
shown in Figure 4 to be explained later, and it realizes switched setting of pixels output 
alternately in the correct pixel order. 

[0048] 

DFF (517) and memory (518) can temporarily store the pixel data of the connection 
position shown in Figure 4 (with rise edge position indicated by P-VCK) and to be explained 
later so that they can be fetched into CPU (519). CPU (519) fetches the pixel data kept in 
memory (518) in plural rounds of reading of original (202), and, by means of an arithmetic 
treatment to be explained later (lookup table LUT shown in Figure 6), the setting contents of 
lookup tables LUT-2, LUT-3, LUT-4 for connection correction are determined. Also, the 
program executed by CPU (519) is stored in a ROM not shown in the figure. 

[0049] 

Figure 4 is a diagram illustrating schematically the output state of the output pixel signals 
from image sensor (208). The figure shows the pixel signals processed by black offset + shading 
correcting circuits (509), (510), (511), (512). 
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[0050] 

In this figure, HSYNC is the line synchronizing signal. Rise edge position P-VCK 
defines the generating timing of the pixel signal at the boundary that divides the left/right 
portions of light receiving pixel row (301) of image sensor (208). Pixel signal Nos. l-2n 
illustrate the order of the read pixel signals. 

[0051] 

As shown in the figure, output pixel signals ODD-1 and EVEN-1 from the left side of 
light receiving pixel row (30 1L) of image sensor (208) are sequentially read in an alternate way 
as number one and number two, and so on. After the n* pixel signal of light receiving pixel row 
(301L) is read, output pixel signals ODD-2 and EVEN-2 from the right side of light receiving 
pixel row (301R) are sequentially read in an alternate way as number n+1 and number n+2, and 
so on, until the read of number 2n. In this way, the effective pixel data of one line are obtained. 

[0052] 

As a result of said sequential read operation, at rise edge position P-VCK, output pixel 
signals ODD-1, EVEN-1, ODD-2, EVEN-2 are obtained as a continuous sequence up to numbers 
n-1 through n+2. The connection correction to be explained later is carried out using said pixel 
signals up to numbers n-1 through n+2. In this way, these signals are obtained from image 
positions near each other on original (202), and it is believed that the intrinsic signal levels of the 
signals are nearly equal to each other. 

[0053] 

Also, for pixel signals other than said numbers n-1 through n+2, by means of pixel 
signals near the dividing position of light receiving pixel row (301), an effect similar to this 
embodiment can be realized. 

[0054] 

Figure 5 is a diagram illustrating the relationship between the brightness (abscissa) of 
original (202) and the signal level of output pixel signals ODD-1, ODD-2 (ordinate). Figure 5(a) 
shows the signal level before connection correction, and Figure 5(b) shows the signal level after 
connection correction for output pixel signal ODD-2 based on output pixel signal ODD-1 . 

[0055] 

As shown in Figure 5(a), because output pixel signals ODD-1, ODD-2 are converted to 
digital signals through entirely different circuits, such as output amplifiers (306), (307), etc., 
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even when original (202) with the same brightness is read, there is still a certain difference in the 
read signal level ("A" in this figure). In this embodiment, output pixel signal ODD-1 is taken as a 
reference channel, and output pixel signal ODD-3 [sic; ODD-2] is converted with connection 
correcting circuit (514), so that its signal level reaches agreement with that of output pixel signal 
ODD-1 as shown in Figure 5(b). For output pixel signals EVEN-1, EVEN-2, the same level 
conversion is performed by means of connection correcting circuits (513), (515), so that the read 
signal level reaches agreement with the signal level of output pixel signal ODD- 1 . 

[0056] 

Connection correction performed with connection correcting circuits (513), (514), (515) 
is performed based on lookup tables LUT-2, LUT-3, LUT-4. For said lookup tables LUT-2, 3, 4, 
the contents are set by means of a lookup table (LUT) setting treatment to be explained later. 

[0057] 

Figure 6 is a flow chart illustrating the lookup table (LUT) setting treatment. In this 
treatment, setting treatment is performed for the content of lookup table LUT-3 for level 
adjustment of output pixel signal ODD-2 with output pixel signal ODD-1 taken as the reference 
channel. However, this is merely an example. For output pixel signals EVEN-1, EVEN-2, too, 
contents can be set for lookup tables LUT-2, LUT-4 for level adjustment with output pixel signal 
ODD-1 taken as the reference channel. 

[0058] 

First of all, the pixel data at the connection position are fetched (step S601). That is, 
during read of the original, the pixel data of rise edge position P-VCK shown in Figure 4 and 
kept in memory (5 1 8) are fetched. This fetching operation is performed in plural rounds during 
read of original (202). 

[0059] 

Figure 7 is a diagram illustrating the relationship between the signal level of output pixel 
signal ODD-1 and that of output pixel signal ODD-2 at the connection position. 

[0060] 

Then, in step S602 shown in Figure 6, pixel data with a prescribed level difference are 
excluded from the later arithmetic treatment. That is, data in the range of region AS shown in 
Figure 7 are taken as the effective data, and data outside region AS are not used in arithmetic 
treatment. As a result, the influence of accidentally obtained data on level correction can be 
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excluded. The range of region AS can be set considering a conventionally assumed level 
difference. 

[0061] 

Then, in step S603 shown in Figure 6, the signal level region is divided into plural blocks 
B (Bl , B2, etc.) by means of the signal level of output pixel signal ODD-2 as shown in Figure 7. 

[0062] 

Then, in each block B, a representative point is calculated (step S604). That is, average 
value AV-ODD-1 of ODD-1 values of the data in region AS of each block B and average value 
AV-ODD-2 of ODD-2 value are calculated, and the point defined by two average values 
AV-ODD-1, 2 is taken as a representative point. The representative point is indicated by the ratio 
of the average value AV-ODD-1 to average value AV-ODD-2. In this case, when the number of 
data in region AS in each block B is smaller than a prescribed number (say, 2), the representative 
point in said block B is taken as invalid. As a result, it is possible to avoid an erroneous 
correction. 

[0063] 

Then, in step S605, an interpolation calculation is carried out. That is, from the 
aforementioned representative points, a conventional interpolation calculation is performed to 
determine the curve representing the relationship between output pixel signal ODD-1 and output 
pixel signal ODD-2 over the entire signal level region. As a result, the relationship between them 
is determined. In this interpolation calculation, because there are also blocks B for which a 
representative point is not determined, the calculation is performed using the representative point 
of a nearby block B . 

[0064] 

Figure 8 is a diagram illustrating an example of a curve representing the relationship 
between output pixel signal ODD-1 and output pixel signal ODD-2 calculated from the 
representative points by means of interpolation calculation. As shown in the figure, the 
corresponding relationship between output pixel signals ODD-1 and ODD-2 is obtained over the 
entire level region. 

[0065] 

Then, in step S606, the content of lookup table LUT-3 is set. That is, based on the curve 
indicating the relationship between output pixel signal ODD-1 and output pixel signal ODD-2 
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shown in Figure 8, the content of lookup table LUT-3 is determined, and it is set in connection 
correcting circuit (514). 

[0066] 

Figure 9 is a diagram illustrating an example of the content of lookup table LUT-3. This 
table LUT-3 indicates the adjustment which should be made corresponding to level region with 
respect to practical output pixel signal ODD-2 (input) such that it will agree with the signal level 
of output pixel signal ODD-1. Consequently, when output pixel signal ODD-2 input from black 
offset + shading correcting circuit (51 1) is corrected with correcting circuit (514) and output, the 
signal level is uniquely defined by table LUT-3. 

[0067] 

Then, this treatment comes to an end. 

[0068] 

In this embodiment, in the image read device with a constitution in which the region of 
the light receiving pixel row of linear image sensor (208) is divided into plural regions, and an 
output pixel signal is read for each region, the signal levels of the output pixel signals (ODD-2, 
EVEN-1, EVEN-2) of the other regions are adjusted with reference to output pixel signal ODD-1 
so as to be nearly in agreement with the signal level of the reference output pixel signal. 
Consequently, steps in the signal level due to read for each region are eliminated, and 
unnaturalness of the image is eliminated. In this case, since level correction is performed based 
on the pixel signal of each region at the connection position, it is possible to effectively avoid a 
significant level difference by adjustment based on a signal level near the boundary position 
where a step occurs. In addition, as a representative point is calculated for each of the plural 
blocks B divided with respect to signal level, adjustment treatment of the signal level can be 
simplified. 

[0069] 

Also, data outside region AS are excluded from the data used in the treatment for setting 
the lookup table and when the number of data in region AS in a block B are smaller than a 
prescribed number, the representative point in said block B is not determined. Consequently, it is 
possible to avoid erroneous adjustment of the signal level, and to improve the adjustment 
precision. In addition, because blocks B where a representative point is not obtained are also 
included in determining the corresponding relationship (ratio) of output pixel signal ODD-1 to 
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the other output pixel signals ODD-2, EVEN-1, EVEN-2 by means of interpolation calculation, 
it is possible to perform level adjustment for the entire level region. 

[0070] 

The output pixel signal taken as reference is not limited to output pixel signal ODD-1. 
One may also use any other output pixel signals ODD-2, EVEN-1, or EVEN-2 as a reference. 
For example, level adjustment of output pixel signals ODD1, EVEN-1, EVEN-2 may be 
performed with reference to output pixel signal ODD-2. 

[0071] 

Also, even when there is a level difference in output pixel signal EVEN-1 with respect to 
output pixel signal ODD-1, as explained above, by simply adding a very fine repeating pattern 
on the displayed image, said level difference becomes insignificant. Consequently, the level 
adjustment with reference to output pixel signal ODD-1 may be performed only for output pixel 
signal ODD-2 and output pixel signal EVEN-2. Based on the same reasoning, level adjustment 
of output pixel signal ODD-2 can be carried out with reference to output pixel signal ODD-1, 
and level adjustment of output pixel signal EVEN-2 can be performed with reference to output 
pixel signal EVEN-2 [sic; EVEN-1] instead of output pixel signal ODD-1. 

[0072] 

In this embodiment, division is made into two regions (left/right regions). However, this 
invention is not limited to this scheme. According to this invention, division may also be made 
into plural regions. 

[0073] 

Embodiment 2 

In Embodiment 1, a new lookup table is formed in each round of read of the original. 
Consequently, correction is performed with significant dependence on the original read in the 
preceding round. In Embodiment 2, in order to avoid this problem, the lookup table is renewed 
partially. Consequently, it differs from the table setting treatment in step S606 shown in Figure 6. 
The other constitution features are the same as those in Embodiment 1 . 

[0074] 

Figure 10 is a diagram illustrating an example of the content of lookup table LUT-3 in 
this embodiment. Figure 10(a) shows the content before updating, and Figure 10(b) shows the 
content after updating. 
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[0075] 

As explained above, representative points may not be obtained for all of the blocks B. 
Consequently, table setting treatment is performed by means of new representative points only 
for blocks B for which representative points were obtained. Updating is performed by 
determining the content of lookup table LUT-3 by means of said interpolation treatment with old 
representative points simply replaced with new representative points. The group of points p 
shown in Figure 10(b) are representative points after updating. Also, the same treatment is 
performed for lookup tables LUT-2, 4. 

[0076] 

Arithmetic treatment (such as weighted linear calculation) between old representative 
points and new representative points is performed to obtain updated representative points. 

[0077] 

In this embodiment, when the lookup table is set, it is possible to prevent excessive 
influence of the original read of the preceding round. Consequently, in addition to the same 
effects as those in Embodiment 1, an even better connection correction is obtained. 

[0078] 

Embodiment 3 

Figure 1 1 is a diagram illustrating the constitution of the image read device in 
Embodiment 3 of this invention. The constitution of the image read device in this embodiment is 
basically the same as that of Embodiment 1. However, connection correcting circuit (900) is set 
between black offset + shading correcting circuit (509) and memory (516), and connection 
correcting circuits (913), (914), (915) replace connection correcting circuits (513), (514), (515). 
Connection correcting circuits (913), (914), (915) perform the connection correction in the same 
way as connection correcting circuits (513), (514), (515), and, further, conversion of the 
gradation number of the image (bit conversion) is also performed. 

[0079] 

From black offset + shading correcting circuits (510), (511), (512), 10-bit signals are 
input to connection correcting circuits (913), (914), (915), respectively, and the signals are 
converted here to 8-bit signals for output to memory (516). Also, from black offset + shading 
correcting circuit (509), a 10-bit signal is input to connection correcting circuit (900). After the 
lower 2-bit signal is cut off, the upper 8-bit signal is output to memory (516). 
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[0086] 

In addition, the following function also may be realized. The program codes read from 
the storing medium are written in a function-expansion board inserted in a computer or in a 
function-expansion unit connected to a computer. Then, based on instruction of the program 
code, a CPU equipped in the function-expansion board or function-expansion unit executes a 
portion or all of the actual treatment. By means of this treatment, the function of the 
aforementioned embodiment can be realized. 

[0087] 

Effect of the invention 

As explained above, by means of the image read device described in Claim 1 , the image 
read method described in Claim 12 or the storing medium described in Claim 23, it is possible to 
eliminate steps on the signal level due to read of each region with a linear image sensor, and thus 
to eliminate unnaturalness of the image. 

[0088] 

By means of the image read device described in Claim 2 or the image read method 
described in Claim 13, it is possible to perform adjustment based on the portion where a step 
occurs, so as to effectively avoid a significant level difference and to eliminate unnaturalness of 
the image. 

[0089] 

By means of the image read device described in Claim 3 or the image read method 
described in Claim 14, it is possible to perform adjustment based on the signal level in the 
vicinity of the boundary position so as to eliminate unnaturalness of the image in an appropriate 
way. 

[0090] 

By means of the image read device described in Claim 4 or the image read method 
described in Claim 15, it is possible to adjust the signal level in a simple way. 

[0091] 

By means of the image read device described in Claim 5 or the image read method 
described in Claim 16, it is possible to improve the adjustment precision of the signal level, and 
to eliminate unnaturalness of the image. 
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[0092] 

By means of the image read device described in Claim 6 or the image read method 
described in Claim 17, it is possible to avoid erroneous adjustment of the signal level. 

[0093] 

By means of the image read device described in Claim 7 or the image read method 
described in Claim 18, it is possible to avoid adjustment based on inappropriate data, and to 
eliminate unnaturalness of the image in an appropriate way. 

[0094] 

By means of the image read device described in Claim 8 or the image read method 
described in Claim 19, it is possible to perform adjustment for all output pixel signals in said 
other region. 

[0095] 

By means of the image read device described in Claim 9 or the image read method 
described in Claim 20, it is possible to prevent the influence of the read object that was read in 
the preceding round from becoming too significant. 

[0096] 

By means of the image read device described in Claim 10 or the image read method 
described in Claim 21, it is possible to reduce the load of the image read treatment while 
maintaining the precision of adjustment of the signal level. 

[0097] 

By means of the image read device described in Claim 11 or the image read method 
described in Claim 22, it is possible to adjust linearity of the output pixel signals after shading 
correction. 

Brief description of the figures 

Figure 1 is a diagram illustrating the constitution of the read portion of the image read 
device in Embodiment 1 of this invention. 

Figure 2 is a diagram illustrating the constitution of the linear image sensor in said 
embodiment. 

Figure 3 is a diagram illustrating the constitution of the treatment unit in the image read 
device in said embodiment. 
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Figure 4 is a diagram illustrating schematically the output state of output pixel signals 
from the image sensor in said embodiment. 

Figure 5 is a diagram illustrating the relationship between brightness of the original 
(abscissa) and signal level of output pixel signals ODD-1, ODD-2 (ordinate) in said embodiment. 

Figure 6 is a flow chart illustrating the lookup table (LUT) setting treatment in said 
embodiment. 

Figure 7 is a diagram illustrating the relationship between the signal level of output pixel 
signal ODD-1 and that of output pixel signal ODD-2 at the connection positions fetched in said 
embodiment. 

Figure 8 is a diagram illustrating an example of the curve showing the relationship 
between output pixel signal ODD-1 and output pixel signal ODD-2 calculated from the 
representative points by means of interpolation calculation in said embodiment. 

Figure 9 is a diagram illustrating an example of the content of lookup table LUT-3 in said 
embodiment. 

Figure 10 is a diagram illustrating an example of the content of lookup table LUT-3 in 
Embodiment 2. 

Figure 1 1 is a diagram illustrating the constitution of the read portion of the image read 
device in Embodiment 3 of this invention. 

Figure 12 is a diagram illustrating the constitution of the linear image sensor in a 
conventional image read device. 

Explanation of symbols 



202 Original 

208 Linear CCD image sensor 

301 Light receiving pixel row 

30 1 L Light receiving pixel row (reference region) 

30 1R Light receiving pixel row (other region) 

302, 303, 304, 305 Analog shift register (read means) 

519 CPU (adjusting means, estimating means) 

513, 514, 515 Connection correcting circuit (adjusting means, correcting means) 



27 



Key: 1 

207 



Key: 1 
2 




206 



206 



Figure 1 



Secondary scanning 
Lens 



301 L 

^ L ^/ 

^ ^ '» ' 1 EVEM-2 

3M. 304 305 309 



Figure 2 



First pixel 
Last pixel 



28 



EVEN-1 



ODO-2 < 



EVEM-2 ■ 




&ftttAB* (T) 

> W 



Figure 3 

Key: 1 Output image signal 

501-504 Amplifier 

509-5 1 2 Black offset + shading correcting circuit 
516 Memory 
518 Memory 



HSYNC 
ODD-! 



XZXIXDCXDCDCg 



XIXDOOCZOZ 



P-VCK 




Figure 4 



Key: 1 Effective pixels 




Figure 5 



Signal level 
Brightness of original 
Reference 
Correction in LUT 



30 



©c 



Lurs&iaa 



* - 



SfiOl 



sua 



X 



-J3 04 



S«QS 



I •* iSCI 



©c 



II T 



Figure 6 

Key: 1 LUT setting treatment 

2 END 

5601 Fetching of pixel data at connection position 

5602 Excluding of data with prescribed level difference 

5603 Dividing into blocks 

5604 Calculation of representative point 

5605 Interpolation calculation treatment 

5606 Setting of data 




Bf 02 



Figure 7 




Figure 9 



Key: 1 
2 



ODD-2 output 
ODD-2 input 



ta> 




Figure 10 

ODD-2 output 
ODD-2 input 

Only blocks with obtained updated data are updated. 



OOD-1 



EVEN-1 



O0O-2 



EVEN-2 




gggg 

WEBB 

gigga 
amah- 



500 



p-voc- 




Figure 1 1 
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